The motion of charged particles in a model magnetosphere is studied using the three adiabatic invariants. The particle shell geometry is determined, and drift velocities, bounce periods, and equatorial pitch angles are computed as a function of local time. The following conclusions were reached: (1) Shell splitting in the outer magnetosphere becomes important beyond 5 Rr (earth radii). This means that particles mirroring at different points on the same field line at noon appear spread over a region of field lines at midnight, and vice versa. (2) There are regions in the magnetosphere, where only pseudo-trapped particles can mirror, i.e. particles that will leave the magnetosphere before completing a 180 ø drift. (3) Longitudinal drift velocities depart considerably from the dipole values beyond 5 Rr, and can be as much as 2-3 times greater on the night side than on the day side. Thus a given particle spends 2-3 times more time in the day side than in the night side. (4) After recovery from a prototype magnetic storm, particles that were in the day side during the sudden commencement will have higher energies, their shells having moved radially inward. Particles caught in the night side will have moved outward, with their energies decreased.
INTRODUCTION
Recent experimental results on trapped particle flux behavior in the outer magnetosphere indicate that physical processes governing particle diffusion and acceleration are strongly influenced by the trapping field itself and by the time changes of its configuration. The main evidence comes from the observed strong correlations between particle flux and energy spectra variations beyond 2-3 R• (earth radii), with geomagnetic perturbations such as the sudden commencement of a geomagnetic storm or the ring current during the main phase [Frank, 1966; Mcllwain, 1965; Mcllwain, 1966] . It seems therefore useful to attempt a detailed theoretical description of the behavior of a flux of trapped particles using a reasonably accurate magnetospheric field model, and simulating prototype time variations of the field configuration. The first detailed studies of this type were done by Hones [1963] for auroral particles, and by Fairfield [1964] for energetic particles. geomagnetic cavity: the magnetization of the earth's interior, the currents flowing on the surface of the magnetopause, the currents in the 'neutral sheet' of the tail of the magnetosphere, and, eventually, diamagnetic ring currents originating in trapped particle density gradients at 2-4 Rs. At geocentric distances of less than, say, 4 R•, the internal geomagnetic field dominates; beyond 4 R•, the currents in the magnetopause (and in the neutral sheet) perturb the dipole-type internal field and introduce a strong noon-midnight asymmetry. Any model must take these sources into account.
Before adopting de facto a given field model, let us list our requirements. First, we are mainly interested in particles trapped on field lines reaching out beyond, say, 5 RB, on the equatorial plane. This means that we can safely ignore all higher multipoles of the internal field and replace it by a centered dipole. Second, we shall also ignore the effect of a ring current. Third, we shall consider the dipole axis perpendicular to the sun-earth line, which of course is a very substantial limitation. However, a 'wobbling' dipole would make our calculations immensely more complicated, without, however, adding much to the general results, at least within the scope of this paper. Finally, electric fields will be ignored; this 981 982 JUAN G. ROEDERER means that we are restricting ourselves to particles of high enough energy to ensure that the gradient drift always prevails over the EB drift.
A model that satisfies these requirements and has already predicted or explained experimental results with good quantitative agreement is that given by Mead [Mead, 1964; Williams and Mead, 1965; Mead, 1966] . This model considers two sources, in addition to the internal dipole; currents in the magnetopause, and currents in the tail of the magnetosphere. Four adjustable parameters determine the field in Mead's model: (1) the distance R, from the center of the earth to the magnetopause, in the solar direction; (2) and (3), the distances Rm,n, Rm,x from the center of the earth to the close and far limit, respectively, of the neutral sheet in the antisolar direction, respectively; and (4) the field intensity B• near the neutral sheet. Most of the typical planetary variations of the geomagnetic field can be simulated by appropriate variations of these parameters. See section 4 for choice of parameters actually used. Figure I shows field lines of this model in the noon-midnight meridian, corresponding to the parameters we shall adopt as describing the quiet-time state of the magnetosphere.
ADIABATIC INVARIANTS
The motion of charged particles in a trapping field geometry can be described by means of three adiabatic constants of motion [Northrop, 1963 
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In these equations Px and p, are components of the momentum perpendicular and parallel to the magnetic field vector, respectively; B is the magnetic field intensity at the instantaneous position of the guiding center; and m0 is the rest mass. In (2) the integration is extended along the field line for a complete bounce oscillation; ds is the element of arc of the field line. spectively, and by the same B• value. Sb is the half-bounce path, i.e. the rectified path of the particle between one mirror point, and its conjugate'
Sb is related to the bounce period by r, ----2Sb/v where v ----particle velocity. We can obtain an expression for S, by taking the derivative of (5) occur during the drift). To describe omnidirectional particle fluxes in the inner magnetosphere, we therefore need only two 'space' are length of the field line between mirror parameters: the value of the magnetic field points. On ihe midnight meridian, the particle intensity at the point of measurement and a will therefore be found on a line having nearly parameter that characterizes the (unique) shell the same length as the initial one, i.e. stretchthat goes through that point. This latter is ing out to roughly the same equatorial dis- Figure 4 . field line and, therefore, on the whole shell Furthermore, it is easy to realize that particles generated by particles starting on that field mirroring inside that area (BB') will cross the line. Numerically, L gives the average distance noon meridian outside (AA') of the initial line. of the equatorial points of a shell to the mag-If this noon line is very close to the boundary, neticcenter. no stably trapped particle could be found But what happens in the outer magneto-mirroring inside the hatched area in the midsphere, where the azimuthal symmetry is night meridional plane. Any particle doing this brutally removed? Particles starting on the would not be able to complete a drift around same field line, say in the noon meridional the earth: it would abandon the magnetosphere plane, will now populate different shells, de-before reaching the noon meridian. We shall pending on their initial mirror points or equa-call this a pseudo-trapped particle (only torial pitch angles. For instance, they will cross transiently trapped) [Roedeter, 1966] . Notice the midnight meridian on different lines.
McIlwain's L parameter [Mcllwain, 1961]. L tance. In summary, all particles initially on is a particular relation between I and B• that the same noon line, will cross the midnight remains constant (within •1%) on a given plane on line portions sketched in
finally that a sharp trapping boundary in the Let us start with a particle mirroring at or noon side would n.oi result in a sharp boundary near the equator, on a line in the noon merid-in the back side. tan, clo•e to the boundary. For this particle, On the other hand, for a given field line in I _ 0; according to (6a) it will drift around the midnight meridian, all particles mirroring the earth on the equator following a constant-B anywhere on this line will cross the noon mepath. This constant-B path comes consider-ridtan in an area like the one shown in Figure  ably closer to the earth at the night side, be-5. All particles mirroring outside that area cause the field is weaker there (less compres-(BB') will cross the midnight-meridian outsion), and we must go to lower altitudes to side (AA') oF the given line. If now there is find a given B value. On the other hand, a an 'obstacle' behind that line (like, for instance, particle that starts on the same field line on the neutral sheet), no stably trapped particle the noon meridian, but is mirroring at high could be found outside •he hatched area in latitudes, will have a high I value. Under these the noon meridian. Any particle injected there circumstances, Mead [1966] Figures 10a and b summarize the information about the shell splitting effect. In both figures, the relation between noon and midnight radial distances to the equatorial points of a particle shell is given. In Figure 10a , particles start on a common field line at noon, reaching out to R .... earth radii; in Figure 10b , particles start on a line at midnight, reaching out to Rm,d,. Curves are labeled with the cosines of the initial pitch angles. Figures 11a and b show how these pitch angles change when the on the same field line at noon and radially outward for particles starting on a common field line at midnight. Furthermore, shell splitting is maximum for particles mirroring close to the equator: for a given change in pitch angle (in degrees), the radial displacement of the shell will be greater for equatorial particles.
When the initial field line has its equatorial point beyond about 8 Rs, a fraction of the particles mirroring on it can only be pseudotrapped, being lost before completing a 180 ø drift. In particular, the computations reveal that particles mirroring at low latitudes . side. This is physically explained by the fact that for a given particle shell, the equatorial starting on a common field line in the midnight B value appearing in (10) always decreases meridian. In this case, again, the pitch angle toward the midnight meridian, except for parchanges considerably when the particle drifts ticles mirroring close to the equator. In Figures 13a and b we have represented the percentage change of the linear drift velocity of a given particle, when it drifts to the opposite meridian. A close inspection of the local-time dependence of the drift velocity (not shown here) leads •to the important conclusion that a given particle trapped in the outer magnetosphere (•6 RE) spends up to %-• of its total lifetime in the day side. In other words, there is always a higher probability to find a particle in the day side than in the night side.
It can be shown that, as a consequence, particle volume densities can be about two times greater on the moon meridian, than at midnight, for a given class of particles. This represents an additional important asymmetry for trapped particle fluxes in the outer model magnetosphere.
Any pitch-angle scattering mechanism will lead to radial diffusion, owing to shell splitting' inspection of Figures 4 and 5 reveals that, for instance, a scattering process that, occurring on the noon side, increases the pitch angle (lowers B•) will bring the particle to a Shell that on the average gets closer to the earth. The same scattering process, occurring on the night side, would situate the particle on a shell extending further out. Any type of pitch-angle diffusion process will therefore be accompanied by a radial diffusion, which will be inward or outward according to where in longitude the particles are more likely caught by the individual processes. If the original pitch-angle scattering process is elastic, there would be no change in energy in this type of radial diffusion. Such a diffusion mechanism was experimentally observed in the laboratory and studied theoretically, by Gibson ei al. [1963] . According to the preceding results, this radial diffusion will be most effective for equatorial particles. This mechanism would tend to mix and blur energy spectra of particles at different radial distances. Furthermore, the existence of large pseudo-trapping regions, especially on the day side, implies an e•cient particle sink for any pitch-angle scattering mechanism (enhanced loss cone). On the other hand, the reverse could also be true: particles that happened to enter the pseudo-trapping regions from outside, could be scattered into stably trapped orbits by any pitch-angle scattering mechanism.
We now turn to the numerical results for a time-dependent magnetic field configuration. The purpose is to study the trapped particle
